Although new endoscopic techniques can enhance the ability to detect a suspicious lung lesion, the primary diagnosis still depends on subjective visual assessment. We evaluated whether thermal heterogeneity of solid tumors, in bronchial epithelium, constitutes an additional marker for the diagnosis of benign and malignant lesions.
Background
Each year, primary carcinoma of the lung affects more than 150,000 persons in the United States, making it a major health problem and the leading cause of cancer [1] . Usually the clinical diagnosis of the type of lesion (inflammatory, malignancy) is made, with direct fiberoptic bronchoscopic examination and the suspicious tissue evaluation through histological biopsy. Although new en-doscopic techniques, including chromoscopy, fluorescence, scattering and Raman spectroscopies, optical coherence tomography, ultrasound and isotope scanning can enhance the clinical endoscopist's ability to detect a suspicious lung lesion, the primary diagnosis still depends on subjective visual assessment [2] . Some investigators have reported temperature measurement of a suspicious area and even a balloon catheter technique has been intro-duced for mediastinal temperature in the azygos vein during hyperthermic cancer treatment with rather accurate results [3] . However, till today there has not been introduced an easy, safe technique that can increase the diagnostic ability of the bronchoscopic procedure.
The purpose of this study is to investigate the existence of thermal heterogeneity in bronchial lesions, in vivo, and to test the hypothesis whether there is any thermal distinction between benign, and malignant lung lesions.
Methods
A clinical study was conducted for the purposes described above. A thermography catheter was applied in 20 consecutive subjects who underwent bronchoscopy to identify the type of a suspicious lung lesion detected in other par-aclinical tests (X-ray, CT). The endoscopic procedure was accomplished with a direct vision flexible fiber optic bronchoscope (model Karl Storz). In order to measure the local temperature of bronchial epithelium, we applied a thermography catheter (Figure 1 ), which has been developed in our institute. According to previous experience with a special thermography catheter for the detection of thermal heterogeneity within human atherosclerotic coronary arteries in vivo [4, 5] and in urinary bladder [6] , we designed a modified thermography catheter, compatible with the bronchoscope. The polyurethane catheter is 4 French (1 French = 0.33 mm) in diameter and has the thermistor probe (Microchip NTC Thermistor, model 100K6 MCD368, BetaTHERM, Ireland), 0.457 mm in diameter attached to its distal part. The gold-plated lead wires of the thermistor pass through the shaft and end in
Figure 1
The steerable thermography catheter. The proximal edge of the catheter with the connector and the distal part of the catheter with the polyamide thermistor (Th) a connector at the distal part of the thermography catheter. The technical characteristics of the polyamide thermistor, according to the manufacturer BetaTHERM Industry, include:
-temperature accuracy of 0.05°C, measured for whole system, -a time constant of 300 msec, measured for whole system -spatial resolution of 0.5 mm, and -linear correlation of resistance vs. temperature over the range of 33-43°C.
The thermistor leads are connected to a digital multimeter (Protek 506) with an RS232C interface. The multimeter is connected to a personal computer (200 MHz Intel Pentium) and the resistance is displayed on real time. Resistance changes are correlated with temperature changes according to the Steinhart-Hart equation [7] . Finally, after the conversion of resistance values to temperature values the temperature variations are demonstrated on the screen of a personal computer, in which all data are stored.
The catheter was inserted through the biopsy channel of the bronchoscope and its distal part with the attached thermistor was guided to come in touch with the bronchial epithelium. The contact of the thermistor probe was at two sites of any suspicious lesion and also at four sites of the normal epithelium. We also scanned with the thermistor probe an area of 3 to 5 cm beyond the limit of any suspicious area. In each patient approximately 200 temperature measurements were obtained and recorded. Afterwards, we calculated the temperature difference be-tween the sites of the normal tissue, and every suspicious gastric lesion, as the histopathology evaluation confirmed it. This temperature difference is referred as ÄT for every lesion.
Bronchial epithelium biopsies were routinely obtained in every lesion with increased temperature or abnormal endoscopic image. Also, bioptic specimens were collected for histopathological evaluation from the seemingly normal epithelium, where temperature was measured, in order to exclude the existence of carcinoma in situ or inflammation lesion. The evaluation was performed by two separate pathologoanatomists who were unaware of the results of the temperature measurement. Malignant tumors were graded according to the World Health Organization classification [8] .
The values of temperature differences presented as mean ± one standard deviation (SD). According to the applied power analysis 12 lesions in each group are needed in order to evaluate temperature differences > 0.5 oC (SD 0.1) at 5% probability level and with statistical power equal to 70%. Due the small number of cases the analysis was based on the calculation of the non-parametric criterion of Mann-Whitney [9]. Simple logistic regression analysis was applied in order to evaluate temperature differences on the probability (i.e. odds ratio, OR) of the detection of malignancy. Finally, cut-off point analysis was used in order to determine the optimal value of the ∆T that differentiate malignant from benign lesions. In particular, the crucial point defined by the largest distance from the diagonal line of the receiver operating characteristic curve (ROC) (sensitivity × {1 -specificity}) [10] . All reported pvalues are from exact two sided tests. STATA release 6 
Results
We studied 20 patients, 14 males (50 -65 years old) and 6 females (50 -65 years old) and we measured temperature differences in 22 lesions. None of the patients was under chemotherapeutic or other immunosuppressive medication and all of them had normal body temperature during the bronchoscopic examination. The procedure was brief and uncomplicated for all the patients who had signed an informed consent, according to bio-ethical principles in medical research and the declaration of Helsinki (Revised 1983) . Based on the histopathology findings that followed the thermography procedure (see Table 1 ), 11 lesions were benign showing chronic inflammation and 11 were malignant infiltrated tumors (6 of them had nonsmall cells lung cancer).
According to our measurements in benign (chronic inflammation) lesions the mean temperature differences was 0.71 ± 0.6°C, while in malignant tumors ∆T was found 1.23 ± 0.4°C (p < 0.05) ( Figure 2 ). Moreover, ∆T was a significant marker for the discrimination of the type of malignant or benign lesion. In particular, one-Celsius degree difference between normal tissue and suspicious lesion six fold the probability of malignancy (OR = 6.180, 95% CI 0.89 -42.7). Finally, the cut-off point analysis
Figure 2
Box -Whisker plots showing the median, the interquartile range and the 2.5 th -97.5 th percentile of the temperature differences, between the groups of the participants.
showed that ∆T greater than 1.05°C constitutes a crucial point that discriminates with accuracy (sensitivity = 64%, specificity = 91%, area under the ROC curve = 0.851, p < 0.001) a malignant from a benign lesion. It seems that the percentage of individuals without malignancy that are correctly classified (specificity) by the suggested procedure is high, while the percentage of individuals with malignancy who are correctly classified (sensitivity) seems smaller.
Discussion
Here, we measured thermal heterogeneity in malignant and benign bronchial epithelium lesions, in vivo, through a catheter-based technique. The analysis showed that increased temperature is significantly associated with the presence of malignancy. It is worth noting that, changes of temperature between normal tissue and the lesion of interest greater than 1.05-degree, increases the risk of having malignant lesion.
Other investigators have also revealed thermographic findings in the diagnosis of cancer [11] [12] [13] [14] . However, submucosae preneoplastic or dysplastic lesions still remain, in some cases, difficult to be diagnosed by the endoscopic examination in clinical practice. Regional hyperthermia of a lesion seems to reflect the degree of angiogenesis and several investigators have featured ultrasound or other methods to prove the increased blood flow [15] . Even more, thermographic findings have been noted in inflammatory cases [16] , mostly in complicated forms of the disease or in aggravation of the inflammatory procedure.
In this study we revealed that thermal heterogeneity increases from benign lesions to malignancy, supporting the involvement of temperature rise. Even more, the high specificity of this technique reflects its ability to distinguish a non-malignant bronchial lesion, during conventional bronchoscopy. Furthermore, the use of steerable thermography catheter gives the ability to measure the temperature of lesions that are difficult to detect during conventional endoscopy. Unfortunately, we did not have among the malignant lesions preneoplastic or submucosae cases, so we could not reveal the diagnostic ability of the suggested procedure in these conditions.
Conclusion
In conclusion, thermographic techniques that can localize the thermal heterogeneity of bronchial epithelium, in vivo, may prove useful in clinical practice, in revealing inflammatory or neoplastic alterations and even in guiding the extraction of biopsy specimens in suspicious high temperature lesions.
